Background In order to be practically useful, computer applications for patients with cancer must be easily usable by people with limited computer literacy and impaired vision or dexterity. We describe the usability development process for an application that collects quality of life and symptom information from patients with cancer. Methods Usability testing consisted of user testing with cancer patients to identify initial design problems and a survey to compare the computer application's ease of use between elderly and younger patients. Results In user-testing phase, seven men aged 56 to 77 with prostate cancer were observed using the application and interviewed afterwards identifying several usability concerns.
patients using a standardized paper instrument [10] . Perhaps more surprisingly, approximately half the symptoms that clinicians did report were not concurrently reported by patients. In reviewing these symptoms, the participating oncologists noted that if they had access to the results patients were reporting, then perhaps they could have done something about them. They challenged us to develop a computer application that would make this research quality data available to them in real time. A number of studies have attempted to integrate quality-oflife assessments into clinical care because such information is recognized to be important [3, 8, 22, 27, 31] , but practical concerns (time constraints, what information should be collected, and how it should be used, etc.) are barriers to widespread adoption in clinical practice [11] . In discussing these concerns with participating oncologists, they wanted the application to have the following properties:
1. Ease of use: patients, including those who were not computer literate or who had functional limitations, needed to be able to report their symptoms with minimal oversight, and the reports needed to be easily readable. 2. Efficiency: the data collection needed to take place in a way that did not disrupt or slow the flow of patients through clinic. 3. Timely: the reports needed to be available in time for the office visit.
Ensuring ease of use required that we "Know Our Users," the first rule in usability design [12, 21, 29] . The users in this study were cancer patients, many of whom are elderly (age 65 and older). Research has shown a steady increase in aging populations, with 60% of cancer patients being elderly [9] . The 2003 "Computer and Internet in the US" survey by the US Census Bureau confirmed that elderly Americans are less likely to use a computer (28% vs. 64% for all adults) and less likely to use the internet (25% vs. 59% for all adults). Functional impairments also become more common with age, particularly impairments in vision, musculoskeletal function, and cognitive function [7, 33] . The 2006 American Community Survey reported that 41% of people age 65 and older had a disability including 16.5% with a severe vision or hearing impairment, 31.3% with a physical disability, and 12.4% with a cognitive disability such as difficulty learning, remembering, or concentrating [4] . Physical impairments often make manipulating a mouse and keyboard difficult [17] . Thus, designing an easily usable computer application for cancer patients must also consider the usability needs of the elderly.
In 2003 when this study was conceived, tablet PCs (mobile touch screen computers) were the best answer for maximizing ease of use concerns for elderly patients while meeting oncologists' needs for efficiency and timeliness. First, the tablet touch screen would be easier for novice computer users or those with limited dexterity. The Institute of Medical Informatics found that elderly patients with little or no previous computer experience could easily use a touch screen computer [33] . Second, because tablets are portable, patients can use them in the waiting area, in the chemotherapy infusion unit, or in the exam room while waiting for the physician maximizing efficiency and minimizing the impact on workflow. Finally, collecting the symptom and quality-of-life data electronically allows immediate calculation of scores and timely generation of reports and graphs for use during the office.
Next, we needed to develop a software application for the tablet PC that would collect the data in the most robust and usable way. Previous studies using tablets for qualityof-life questionnaires evaluate users' reactions and evaluations of their questionnaires but do not provide many details about the software design or implementation [3, 16, 22] other than recommending larger text and larger selection boxes [20] . In this study, we carefully designed and evaluated our software application for usability. This paper describes the process we used to ensure that our application is indeed usable by elderly users with cancer.
Methods

Application design
As mentioned previously, the tablet PC fulfilled our hardware needs. The apparatus chosen was a HP Compaq tc4200 tablet PC with a 12.1-in. display touch screen with rotation ability from laptop mode to tablet mode, weighing 4.5 lbs. The survey contents were 30 questions from the European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire C30 (QLQ-C30), a questionnaire designed to measure the quality of life of patients with cancer [1] , and numeric rating scale of 0 (none) to 10 (worst possible) [18] for the severity of eight QLQ C-30 symptoms: pain, shortness of breath, fatigue, sleeplessness, appetite loss, nausea/vomiting, constipation, and diarrhea.
Our software needs for the survey application were a bit more complex. The graphic user interface was designed using US Department of Health and Human Services guidelines developed by the National Cancer Institute [30] and rendered as a series of web pages. Because the tablets could lose network connectivity while in use, the web pages were hosted locally on the tablet using Apache server, while patient responses were stored temporarily in a local Sybase SQL Anywhere® database on the tablet. Because tablets are vulnerable to being dropped and other mishaps, we elected to periodically synchronize with a mainframe SQL server database maintained by our institution.
We incorporated several design decisions to account for patients with poor vision. For elderly users, 12+ point fonts are most readable, and 16+ fonts are needed for those with limited vision. Also, Sans Serif typefaces (e.g., Arial instead of Times New Roman or Courier) are crisper on a computer screen and have been shown to be successful among elderly populations [3, 5, 6, 13] .We used a text display with a font size of 18-27 and Arial typeface in black.
Furthermore lens and cornea changes associated with the aging process can affect color discrimination. The lens darkens and yellows, blocking short wavelength light, so blues appear darker, and patients can struggle to differentiate colors that differ only in their blue content. Primary colors are best, with reds and yellows being the easiest to discern [32] . For these reasons, we used white for the background color with answer option buttons in red, navigational buttons in green, and pause and stop buttons in yellow (Fig. 1) .
The most important design element was deciding how the patient would select their responses for the survey questions. A standard radio button's target area for selection was too small for patients with limited vision and dexterity. Instead, we used boxes for the selections, and in order to make the selection boxes as large as possible and the question text as large as possible, we decided to present only one question at a time to the patient. Figure 1 shows an example question in the survey. We also added a visual cue that a response had been selected-the color of a selected response box changes to yellow, as shown in Fig. 2 . In addition, if the patient chooses to go back and review answered questions, the selected response box will still be yellow.
The final issue we considered was navigational ease. We provided green boxes at the top of every page; the box on the left goes back (omitted for the first question); the box on the right goes ahead (Fig. 2) . Because the survey presents one question at a time, we limited survey navigation to one question back or one question ahead to minimize skipped questions. When a question is answered, the survey automatically advances to the next question. To avoid confusion about going back and forward in the survey, we removed the standard internet browser navigation buttons from the window so that the user can use only the boxes on the screen to navigate the survey. In case the survey is interrupted, we provide a selection box at the top center of every page to pause the survey. When the box is selected, the survey ends. When the patient restarts the survey, it automatically begins where the patient previously paused the survey.
Usability testing
Usability testing helps software developers determine whether computer applications are useful and easy to use. Jakob Nielsen, widely considered an authority on usability testing, has demonstrated that 85% of usability problems can be identified from testing the first three to five subjects, whereas 15 subjects are required to identify 100% of usability problems [25] . Instead of testing once with 15 subjects, he recommends testing three to five subjects, modifying the application, then retesting three to five new subjects in iterative cycles until no new major problems are identified [24] .
Our usability testing was performed in two phases: a user-testing phase to identify problems with the initial design and an ease of use survey phase to measure the computer application's usefulness within a clinical environ- ment. All study patients gave their informed consent prior to participating in either phase.
The initial design was user-tested on a convenience sample of patients with metastatic prostate cancer receiving chemotherapy at Oregon Health and Science University (OHSU). All subjects had prostate cancer because we were planning to use the computer application in a clinical trial involving men with prostate cancer. A research assistant asked subjects to read the on-screen instructions, to use the navigational buttons, and to complete the survey questions. Usability was assessed observationally by the research assistant and from a post-test interview. She invited them to "talk out loud" (a usability testing practice where subjects verbalize their thoughts and rationales for performing actions [19] ) about what they were experiencing during this process and used a log to record her observations. Observations focused on (1) reading and question comprehension (as indicated by participant inquiry for clarification), (2) answer button identification (appropriate option chosen), (3) delay or pause of >5 s in locating the answer button, (4) skipping a question, (5) going back to a previous question, and (6) ability to perform the task with ease (little to no assistance requested). Afterwards, the research assistant conducted a semi-structured interview asking for subjects overall impression, likes and dislikes, and additional comments, providing us with information for design changes. We planned to change the computer application if we observed obstacles that interfered with the subjects completing any of the tasks. In the case of more subjective concerns (e.g., dislikes), we planned to make a change if a subject raised a concern that was then validated by subsequent subjects.
Ease of use survey
To measure the computer application's usefulness in a clinical environment, we recruited patients with any form of cancer starting a new chemotherapy regimen at OHSU. Subjects were identified by their oncologist or nurse coordinator as meeting eligibility criteria. For this portion of the study, the research assistant handed the tablet computer to the subject, demonstrated the use of the stylus, and asked them to read the on-screen instructions and answer the quality of life and symptom questions. She did not provide further assistance. To address the oncologists' concerns about efficiency and timeliness, we scheduled patients to arrive 15-30 min prior to their office visit and included a pause option, so that subjects could interrupt the survey at any time.
Afterwards, subjects completed a paper survey evaluating the computer application's ease of use based on Ruland's eight-item adaption of Davis' ease of use survey [5, 27] . Davis' survey has demonstrated validity, reliability, internal consistency, and replication reliability [2, 15] . The ease of use questions are answered using a five-point Likert scale (strongly disagree= −2, disagree =−1, neutral= 0, agree=1, and strongly agree=2), and the responses are added creating a summary score (range, −16=worst to +16=best). The survey also included nine investigator-authored questions using Davis' Likert scale format to evaluate specific features of the application and three questions assessing prior computer use from the US Census Bureau's Computer Use and Internet Use Survey [6] .
To assess our application's usability by elderly patients, we compared their mean score on the Davis questionnaire's summary score to the mean score for patients age 64 and younger using an independent samples t test. To examine whether age was independently associated with ease of use (versus prior computer experience), we also performed a linear regression with Davis' summary measure as the dependent variable, and age, prior computer use, and prior touch screen use as independent variables.
Results
For the user-testing phase of this study, seven participants aged 56 to 77 (mean=66 years) were able to complete the survey and navigational tasks without instructions (100% success rate). The average time from start to finish was 16 min (range, 10-22 min). All usability concerns were identified by direct observation and corroborated in subsequent interviews.
1. Navigation and response buttons: The participants needed a stronger visual cue to let them know they had successfully pen-clicked on a response or navigational button, in particular, when there was a microprocessing delay in moving to the next item. This was addressed by immediately changing the color of a button after it was pressed. 2. Screen visibility: Patients found the tablet screen hard to read unless it was held at a particular angle. This was addressed by purchasing portable adjustable angle lap tables. 3. Tablet settings: The digital pen includes a "button" equivalent to a mouse "right-click" button. Subjects who clicked on this got menus that could be confusing or distracting. Also, the tablet would occasionally reorient its screen between landscape and portrait modes which caused some web pages to be cut off. These problems were addressed by disabling the rightclick option on the digital pen and locking the tablet display in landscape mode. 4. Tablet computer limitations: We found the start-up process for the tablets time consuming and complicated. Wireless internet access can be lost or unavailable in "dead" spots. They are easy targets for theft unless they are chained to a heavier object, but that defeats the portable purpose for which they were designed. Also, they are vulnerable to drops. As this was a research study, the research assistant took responsibility for starting the computer and loading the application, and also ensured that the devices were not dropped or stolen; however, in a non-research setting, these seemed like they would be real obstacles to incorporating tablet computers in clinical care.
Observationally, the seven participants were able to complete 83/91 (91.2%) of the navigational tasks "with ease," meaning without additional instructions from the research assistant. Because we felt the changes we made were relatively minor (the only change to the computer application was to eliminate the delay in color change for response buttons), we elected not to repeat user testing after making the changes described above.
For the ease of use phase, we recruited 60 patients with breast, gastrointestinal, or prostate cancer. Forty percent (n=24) of the subjects were aged 65 or older, mostly men with metastatic prostate cancer. Thirty-three percent of the older subjects did not own or use a computer, compared with 6% of younger subjects. Of the elderly subjects, 33% (n=8) did not own or use a computer, compared with 8% (n=3) of the younger subjects (see Table 1 for demographic summary).
The subjects' responses to Davis' ease of use survey are reported in Table 2 , and their responses to the investigatorauthored questions about our tablet computers and application are reported in Table 3 . Younger subjects reported significantly higher ease of use scores than elderly subjects (14.0 vs. 10.8, p=.001). Of the younger users, 53% (n=19) vs. 33% (n=8) elderly users gave the application the highest ease of use score possible, and no younger users vs. one elderly user gave it a negative score. In linear regression, older age continued to predict lower ease of use scores even when computer use and prior touch screen use were controlled (beta=−0.338 per year of age, p=.016), whereas neither computer use (p=.524) nor prior touch screen use (p=.213) was significantly associated with ease of use. A test for collinearity yielded variance inflation factors of 1.28 to 1.60, suggesting multicollinearity was not significant.
Discussion
The ease of use survey found that despite our best efforts, elderly users reported lower ease of use summary scores than younger users. Nevertheless, elderly participants rated the overall ease of use as 10.8 (scale −16 to +16), all of their responses to individual items fell between "agree" and "strongly agree," and only one participant rated ease of use negatively. To our knowledge, there are no benchmarks for Davis' ease of use instrument; however, Ruland used the same measure to evaluate her computerized system to support shared decision making in symptom management of cancer patients. Subjects in that study were men and women with cancer who had a mean age of 56 years (SD= 11) and gave her computerized system a mean ease of use <65years (n=36) +65years (n=24) rating of 5.06 (SD=11.03), which is substantially lower than our tablet computer application [27] . Another way of evaluating our design is to consider how well it follows standard usability principles, also called heuristic evaluation [23] . There are many usability principles that can be used for heuristic evaluation. One commonly referred list is that of Don Norman who describes his principles in his book The Design of Everyday Things [26] . Upon further analysis, we find that by designing for our elderly users, we in fact followed general usability guidelines that apply to everyone. Norman's principles are as follows:
1. Visibility: We used large Sans Serif text, large selection boxes, and contrasting colors to help our aging population view the survey. We also provided orienting information such as the question number and time frame (i.e., "during the past week").
Feedback: It gives users information about what action
has just happened. Our response boxes change color when selected, providing users confirmation that the response was registered. We added the words "Loading...please wait" during delays.
3. Constraints: Limiting choices can prevent errors. We removed the internet browser buttons so that users would not accidentally use them to try to navigate the survey. Preventing subjects from ending the survey until all questions were answered helped avoid missing data. 4. Mapping: This refers to the relationship of the application controls to their effect in the application. We provided the response options in order of their numeric scale values, lowest on the left to highest on the right. We mapped our navigation boxes similarly-with back on the left and skip (ahead) on the right. 5. Consistency: This refers to using the same elements in the same way throughout the application. We ensured that all questions in the survey were presented consistently-with 4-11-point scales presented as clickable boxes along the bottom of the page. All navigation buttons are the same color and appear in the same position on all pages, reducing the need for explanations and enhancing memorability. 6. Affordance: It provides hints or clues about how the application works. For example, a labeled square on a a Mean scores on Likert scale: −2=strongly disagree, −1=disagree, 0=neutral, 1=agree, and 2=strongly agree touch screen "affords" pushing; users recognize that the square works as a button. For our application, we used only clickable squares (buttons) as input controls on our pages, which makes the survey simpler and more intuitive for patients.
Our study has a number of obvious limitations. The sample size for the user testing was small, although we can be fairly confident our findings were valid because of Nielsen's findings that small groups can provide enough usability information, and our subsequent experience using the application has not identified new problems related to the application design [25] . The sample size for our ease of use survey was not large enough to allow us to run multiple t tests that could help to determine if specific ease of use items were driving the age-related differences in the summary score. Because our sample consisted mostly of younger women with breast cancer and older men with prostate cancer, there may be additional confounding factors affecting their ease of use ratings that we did not measure. Furthermore, we did not include non-English speakers in our study, and they might particularly benefit from assistance in communicating about symptoms and quality of life. Finally, our study focused mostly on ease of use and little on usefulness. A future study will look at usefulness of the questionnaire content, as we develop the printed reports that the application will generate for the clinicians and patients to use during office visits. In particular, we want to know if having this information available at the time of the office visit impacts patient symptoms, symptom management practices, or doctorpatient communication.
In conclusion, we applied techniques from the computer usability field in our attempt to create a computer application that could be easily used by patients with cancer including those with some physical and sensory disability. This process could also be applied to other patient populations. Elderly patients did not rate our application as easy to use as younger patients, but perhaps this is an unrealistic goal. Perhaps it is enough that they rate the application positively and can use it without undue confusion, time delays, or difficulties-particularly those introduced by unhelpful design features. We have described in detail the process and measures we used because in addition to the value of our findings, we hope that our process can serve as a model for how to bridge the fields of computer usability and medicine and thus improve the accessibility and utility of future computer applications in clinical care.
